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ABSTRACT 



An object of the present invention is to allow the miniatur- 
ization of a mobile communication equipment and the 
reduction of consumption power, and lo improve the elec- 
trical characteristics of a final stage amplifier. An inputted 
RF signal is amplified to a specified transmission output by 
a final stage amplifier, the output power and a reflected wave 
generated by mismatching between an output impedance of 
the final stage amplifier and a load impedance connected to 
an output side of the final stage amplifier are detected by a 
directional coupler. Two switches are selectively switched in 
a time division manner, a DC voltage corresponding to the 
reflected wave is selected, a comparator compares a thresh- 
old voltage with the DC voltage, a switch is switched by an 
output of the comparator outputted in accordance with the 
comparison, and gate voltages are selectively applied to the 
final stage amplifier. 

8 Claims, 5 Drawing Sheets 
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RADIO FREQUENCY TRANSMITTING whereby the load impedance of the final stage amplifier 21 

CIRCUIT ^ intended to be stabilized and stable output distortion 

characteristic and consumption power are ensured. 

BACKGROUND OF THE INVENTION jy^^ ^ ^^iis, there is no avoiding outputUng transmission 

1. Technical Field of the Invention s power including the insertion loss of the isolator from the 
This invention relates to a transmitUng circuit for a mobile ^^^^ amplifier so as to output specified transmission power 

communication equipment having an automatic output ^^"^ f ^cnna. The conventional transmitting circuit is / 

power control circuit (APC), and particularly relates to a ^"^^^'"^ "^'"^^ consumption J 

transmitting circuit having a directional coupler capable of . ... 
detecUng power outputted from a final stage amplifier and a 10 . Furthermore smce the isolator is a large component, the 

reflected wave generated by the mismatching between the ^^^^^^^^ ^ disadvantageously unsuited for miniatunzaUon. 

output impedance of the final stage amplifier and a load Meanwhile, the reduction of coosumpUon power and the 

impedance connected to the output side of the final stage miniaturization of mobUe communication equipment are 

amplifier, and allowing the gate voltage of the final stage increasingly underway in recent years. In these 
amplifier to be switched depending on the ampUtude of this 15 circumstances, it is demanded to secure the stable output 

reflected wave distortion characteristics of a final stage amplifier and con- 

2. Description of the Prior Art sumption power and to realize low power consumption and 
As a radio frequency power amplifier used in the trans- mmiaturization. 

mitting circuit of a conventional transmitter, Japanese Patent SUMMARY OF THE INVENTION 
AppHcation Laid-Open No. 57-118412, for example, dis- ^ ^^.^^^ ^^^^^^ invention is to provide a trans- 
closes a radio frequency power amplifier wherein reflected mitting circuit capable of making a mobile communication 
power from the load of variable gain power amplification equipment small, capable of reducing consumption power 
means of which gain varies with an external control voltage ^nd capable of being excellent in the electrical characteris- 
is detected by detection means. The reflected output is ^ ^j^^i g^^g^ amplifier. 

converted by DC conversion means. Further, the highest 25 transmitting circuit of the present invention is char- 
voltage is selected from among the converted voltages by acterized by comprising: a final stage amplifier amplifying 
selection means. The selected voltage is inputted into a inputted radio frequency (RF) signal to a specified 
comparator which determmes the starting pomt of the gain transmission output, and capable of controlling consumption 
control of the variable gain power amplification means. The p^^^^ ^^^^^^ distortion by a direct current voltage 
converted voltage is outputted to control means by switch ^^^^.^^ ^ ^ directional coupler having a terminal 
means, when the converted voltage exceeds a voltage set by ^^^^^^^^ detecting output power outputted from the final 
the variable gain power amplificaUon means, and this con- ^j^g^ amplifier, and a terminal capable of detecting a 
trol means controls the gain of the vanable gain power reflected wave generated by mismatching between an output 
amplificatiop^eaijs. impedance of the final stage amplifier and a load impedance 

Furthp^FIG. ^as a block diagram showing the constitu- connected to an output side of the final stage amplifier; two 

tion oft-a-tfSiS'mitting circuit for a conventional mobile g^^t switches appropriately selecting the terminals of the 

communication equipment or the like. directional coupler in a lime division manner; a terminating 

In FIG. 5, a gate voltage 20 is applied to a gate of a final resistor provided to correspond to each of the first switches, 

stage amplifier 21 amplifying a radio frequency signal and and terminating the terminal of the directional coupler 

the output side of the final stage amplifier 21 is connected to unselected by the first switches; a detection diode converting 

an antenna 24 through a directional coupler 22 and an each of the output power and the reflected wave obtained by 

isolator 23. the directional coupler into a direct current voltage; a second 

Out of two detection outputs of the directional coupler 22, switch selecting, switching and outputting one of the direct 

one detection output is grounded through a terminating current voltage with respect to the output power and the 

resistor 25, while the other detection output inputs a detec- direct current voltage with respect to the reflected wave 

tion voltage into the positive input terminal of a comparator obtained by the detection diode; and gate voltage control 

27 through a detection diode 26. means for applying a gate voltage suited for the load 

The detection diode 26 detects the output or reflected impedance to the final stage amplifier in accordance with the 

wave of the final stage amplifier 21 obtained from the direct current voltage with respect to the reflected wave 

directional coupler 22 and converts the detected output or selected by the second switch. 

reflected wave into a DC voltage, and the comparator 27 The final stage amplifier amplifies the inputted radio 

compares this DC voltage with a threshold voltage 28. frequency signal to the specified transmission output, the 

This threshold voltage 28 is applied to the negative input output power of the final stage amplifier is detected by the 
terminal of the comparator 17. The threshold voltage 28 is 55 directional coupler, and the reflected wave generated by the 

determined in advance by the characteristic of a load imped- mismatching between the output impedance of the final 

ance connected to the output side of the final stage amplifier stage amplifier and the load impedance connected to the 

21 and the reflected wave which is converted into a DC output side of the final stage amplifier is detected and 

voltage by the detection diode 26. supplied to the two first switches. 

The comparator 27 compares this threshold voltage 28 60 The first switches are switched in a time division manner, 

with the DC voltage of the detection diode 26, outputs an the output power of the final stage amplifier and the reflected 

"H" level or an "L" level depending on whether or not the wave are selectively applied to the detection diode and 

DC voltage is higher than the threshold voltage 28, supplies detected by the detected diode. By doing so, the output 

the output to an APC (circuit 29 and allows the APC circuit power or the reflected wave is converted into a direct current 
29 to control the final stage amplifier 21. 65 voltage and applied to the second switch. 

In such a conventional transmitting circuit, the isolator 23 If the second switch is switched in a time division manner 

is inserted into the output side of the final stage amplifier 21, to select the direct current voltage corresponding to the 
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reflected wave, the gate voltage control means applies a gate 
voltage suited for the load impedance to the final stage 
amplifier in accordance with the direct current voltage 
corresponding to the reflected wave. Thus, it is possible to 
miniaturize a mobile communication equipment, reduce 
consumption power and make the final stage amplifier 
exhibit excellent electrical characteristics. 

As stated so far, according to this invention, the reflected 
wave generated by the mismatching between the output 
impedance of the final stage amplifier and the load imped- 
ance connected to the output of the final stage amplifier is 
detected, and the gate voltage suited for the load impedance 
is applied to the gate of the final stage amplifier by the gate 
voltage control means. As a result, it is possible to dispense 
with an isolator which is a large-sized component required 
conventionally, and according to that, specified transmission 
power may be outputted from the final stage amplifier. 
Therefore, it is possible to miniaturize a mobile communi- 
cation equipment small, to reduce consumption power and 
to obtain the electrical characteristics of the final stage 
amplifier. 

BRIEF EXPLANAnON OF THE DRAWINGS 

FIG. 1 is a block diagram showing the constitution of a 
first embodiment of a transmitting circuit according to the 
present invention. 

FIG. 2 is a characteristic graph showing gate voltage 
applied to a final stage amplifier, vs. output distortion 
characteristic so as to describe the operation of the trans- 
mitting circuit shown in FIG. 1. 

FIG. 3 is a characteristic graph of gate voltage applied to 
the final stage amplifier, vs. consumption power character- 
istics so as to describe the operation of the transmitting 
circuit shown in FIG. 1. 

FIG. 4 is a block diagram showing the constitution of a 
second embodiment of a transmitting circuit according to the 
present invention. 

FIG. 5 is a block diagram showing the constitution of a 
conventional transmitting circuit. 

PREFERRED EMBODIMENT OF THE 
INVENTION 

FIG. 1 is a block diagram showing the constitution of a 
first embodiment of a transmitting circuit according to this 
invention. In FIG. 1, a radio frequency signal is inputted into 
a final stage amplifier 1 mainly consisting of a transistor. 

This radio frequency (RF) signal is amplified by the final 
stage amplifier 1 to a specified transmission output. A 
plurality of optimum gate voltages are applied to the gate of 
the final stage amplifier 1. 

By being applied with the optimum gate voltages, the final 
stage amplifier 1 can function as a amplifier capable of 
controlling consumption power and output distortion. 

The output terminal of the final stage amplifier 1 is 
connected to an antenna 2 through a directional coupler 3. 
The directional coupler 3 has a terminal capable of detecting 
output power outputted from the final stage amplifier 1 and 
a tenninal capable of detecting a reflected wave generated 
by the mismatching between the output impedance of the 
final stage amplifier 1 and a load impedance connected to the 
output of the final stage amplifier 1. 

These two terminals of the directional coupler 3 are 
connected to the movable terminals C of two switches 4 and 
5 appropriately selecting the terminals in a time division 
manner, respectively. 
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Each of the switches 4 and 5 has two fixed terminals A and 
B. The movable terminals C of the switches 4 and 5 switch 
over the fixed terminals A and B in a time division manner 
by an APCA^S (Voltage Standing) deteaion switch signal, 
s In FIG. 1, the respective switches used in this invention 
are represented as mechanical switches. Actually, however, 
electronic switches are used. 

The fixed terminal A of the switch 4 and the fixed terminal 
B of the switch 5 arc grounded through terminating resistors 
3Q 7 and 8, respectively. 

The terminating resistors 7 and 8 are resistors terminating 
the corresponding terminals of the direction coupler 3 when 
the terminals arc not selected. 

The fixed terminal B of the switch 4 and the fixed terminal 
-J 5 A of the switch 5 are connected in common to the movable 
terminal C of a switch 9 by way of a detection diode 6. 

The detection diode 6 is a diode detecting the output 
power and reflected wave of the final stage amplifier 1 
obtained by the directional coupler 3, and converts each of 
the detected output power and reflected wave into a DC 
voltage. 

The switch 9 has two fixed terminal A and B, as well. The 
movable terminal C switches over the two fixed terminals A 
and B in a time division manner by the above-stated APC/ 
VS detection switch signal. 

If the movable terminal C of the switch 9 is switched to 
the fixed terminal B side, the DC voltage corresponding to 
the reflected wave is applied to the positive input terminal of 
a comparator 11. 

Further, if the movable terminal C of the switch 9 is 
switched to the fixed terminal A side, the DC voltage 
corresponding to the output power is supplied from the fixed 
terminal Aside to the APC which is not shown in the figure. 

A threshold voltage 10 is applied to the negative input 
terminal of the comparator 11. This threshold voltage 10 is 
a voltage predetermined by the characteristics of the load 
impedance connected to the output of the terminal amplifier 
1 

The comparator 11 compares the DC voltage correspond- 
ing to the reflected wave selected from the fixed terminal B 
side of the switch 9 with this threshold vohage 10, As a 
result of the comparison, if the DC voltage is higher than the 
threshold voltage 10, the comparator 11 outputs an "H" 
level. If the DC voltage is lower than the threshold voltage, 
the comparator 11 outputs an "L" level. 

The output of the comparator 11 allows switch-controlling 
the movable terminal C of a switch 14. 

The switch 14 has a movable tenninal C and two fixed 
terminals A and B, as well. Gate voltages 12 and 13 for final 
5Q stage amplification, having different voltages are applied to 
the fixed terminals A and B, respectively. 

If the movable terminal C of the switch 14 is switch- 
controlled by the output of the comparator 11, one of the 
fixed terminals A and B is selected, and the gate voltage 12 
55 or 13 is selected and appHed, as an optimum gate voltage, to 
the gate of the transistor constituting the final stage amplifier 
1, whereby the final stage amplifier 1 can output transmis- 
sion power while being always free from output distortion 
and maintaining low power consumption current character- 
60 istics. 

The first embodiment exemplifies a case where gate 
voltage control means 17 for controlling the gate voltage 
applied to the gate of the final stage amplifier 1 is constituted 
by the comparator 11 and the switch 14. 
65 Next, the operation of the first embodiment according to 
the present invention constituted as stated above will be 
described. 
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The final stage amplifier 1 into which the radio frequency 
signal is inputted, amplifies the radio frequency signal to 
specified transmission power. The amplified radio frequency 
signal passes through the directional coupler 3 and is then 
outputted as a wave from the anterma 2. 

Radio frequency switches 4 and 5 selecting an ON 
terminal by an APC/VS detection switch signal are con- 
nected to the two terminals of the directional coupler 3, i.e., 
the terminal detecting the output power of the directional 
coupler 3 and that detecting the reflected wave, respectively. 

If the output power, i.e., the transmission power outputted 
from the final stage amplifier 1 is detected, then the fixed 
terminal A sides of the switches 4 and 5 become ON 
terminals, the terminating resistor 7 is connected to the 
switch 4 and the detection diode 6 is connected to the switch 
5, thereby making it possible to obtain a transmission power 
value converted into a DC voltage by the detection diode 6. 

Further, if the reflected wave generated by the mismatch- 
ing between the output impedance of the final stage ampli- 
fier 1 and the load impedance connected to the output of the 
final stage amplifier 1 is detected, then the fixed terminal B 
sides of the switches 4 and 5 become ON terminals, the 
detection diode 6 is connected to the switch 4 and the 
terminating resistor 8 is connected to the switch 5, thereby 
making it possible to obtain the reflected wave converted 
into a DC voltage by the detection diode 6. 

If the transmission power value is obtained, then the fixed 
terminal Aside of the switch 9 becomes the ON terminal, as 
well, the DC voltage is inputted into the APC and well- 
known APC control is carried out. 

On the other hand, if the reflected wave is obtained, then 
the fixed terminal B side of the switch 9 becomes the ON 
terminal and the DC voltage conesponding to the reflected 
wave is applied to the positive terminal of the comparator 
11. 

The comparator 11 compares the DC voltage converted 
from the reflected wave appUed to the positive input termi- 
nal of the comparator 11 with the threshold voltage 10 
predetermined by the load impedance characteristics of the 
final stage amplifier 1 and the reflected wave detection 
characteristics of the directional coupler 3. If the DC voltage 
is higher than the threshold voltage 10, the comparator U 
outputs an "H" level. If the DC voltage is lower than the 
threshold voltage 10, the comparator 11 outputs an "L" 
level. 

The movable tenninal C of the switch 14 is switched to 
the fixed terminal A side or the fixed terminal B side 
according to the output level of the comparator 11. 

If the terminal C is switched to the fixed terminal A side, 
the gate voltage 12 is selected and applied to the gate of the 
final stage amplifier 1. 

If the movable terminal C of the switch 14 is switched to 
the fixed terminal B side, the gate voltage 13 is selected and 
applied to the gate of the final stage amplifier 1. 

The gate voltage characteristics of the final stage amplifier 
1 are shown in, for example, FIGS. 2 and 3. FIG. 2 shows 
the gate voltage vs. output distortion characteristics, while 
the horizontal axis denotes gate voltage (V) and the vertical 
axis denotes output distortion (dBc). 

A set voltage 1 (e.g., the above-stated gate voltage 12) 
indicated by the characteristic a of a solid line is VSWR 
(voltage to standing wave ratio)=1.5, and a set voltage 2 
(e.g., the above-stated gate voltage 13) indicated by the 
characteristic b of a broken line is VSWR=3. 

Further, FIG, 3 shows gate voltage vs. consumption 
current characteristics, while the horizontal axis denotes 
gate voltage (V) and the vertical axis denotes consumption 
current (mA). 



»9,880 B2 

6 

In FIG. 3 as in the case of FIG. 2, a set voltage 1 (e.g., the 
above-stated gate voltage 12) indicated by the characteristic 
a of a solid line is VSWR (voltage to standing wave 
ratio)=1.5, and a set voltage 2 (e.g., the above-stated gate 
s voltage 13) indicated by the characteristic b of a broken fine 
is VSWR-3. 

The gate voltage 12 or gate voltage 13 predetermined by 
such gate voltage characteristics is selected by switching the 
movable terminal C of the switch 14 in accordance with the 

10 output of the comparator 11, and applied to the gate of the 
final stage amplifier 1, whereby the terminating amplifier 1 
applied with the optimum gate voltage can output transmis- 
sion power without always being firee from output distortion 
and maintaining low consumption power characteristics. 

15 By regularly switching the respective movable terminals 
C of the switches 4, 5 and 9 to the fixed terminal A or the 
fixed terminal B by the APC/JVS detection signal, the 
switches 4, 5 and 9 appropriately repeat transmission power 
detection and reflected wave detection in a time division 

20 manner and secure constantly stable transmission power and 
an optimum gate voltage applied to the final stage amplifier 
1. 

As can be seen from the above description, in the first 
embodiment, the reflected wave generated by the mismatch- 
es ing between the output impedance of the final stage ampU- 
fier 1 and the load impedance connected to the output side 
of the final stage amplifier 1 can be detected, and the gate 
voltage suited for the load impedance can be set by the 
comparator 11 and the switch 14 which serve as the gate 
voltage control means 17. Thus, it is possible to dispense 
with an isolator which is a large-sized component conven- 
tionaUy necessary and to thereby miniaturize the mobfle 
communication equipment. 

Moreover, if the isolator can be dispensed with, specified 
transmission power may be outputted from the final stage 
amplifier 1. It is, therefore, possible to reduce the consump- 
tion power of the final stage amplifier 1, 

Next, a second embodiment according to this invention 
will be described. FIG. 4 is a block diagram showing the 
^° constitution of the second embodiment. 

In the description of the constitution with reference to 
FIG. 4, the same parts as those in FIG. 1 are denoted by the 
same reference symbols, repetitive description will not be 
given and only the different parts from FIG. 1 will be 
described hereinafter. 

In the second embodiment shown in FIG. 4, the consti- 
tution of gate voltage control means 17 differs from that in 
the first embodiment. 
5Q In FIG. 4, the gate voltage control means 17 is constituted 
by an A/D converter 15 and a D/A converter 16 instead of 
the comparator 11 and the switch 14 stated above. 

That is to say, the fixed terminal of the switch 9 is 
connected to the input terminal of the A/D converter 15. The 
55 output terminal of this A/D converter 15 is connected to the 
input terminal of the D/A converter 16 and a gate voltage is 
appUed from the output terminal of the D/A converter 16 to 
the gate of the final stage amplifier 1. The remaining 
constitution is the same as that shown in FIG. 1, 
60 By constituting the gate voltage control means 17 as 
stated above, a DC voltage corresponding to the reflected 
wave converted into the DC voltage is outputted from the 
fixed terminal B of the switch 9 if the directional coupler 3 
detects the reflected wave as already described above. 
65 The DC vohage outputted from the fixed terminal B of the 
switch 9 is inputted into the A/D converter 15 and converted 
into digital data (e.g., 8-bit data). 
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The converted data is inputted into the D/A converter 16 
preset so that an optimum gate voltage can be applied to the 
final stage amplifier 1 according to the magnitude of the 
reflected wave (=data), through a data bus. 

The D/A converter 16 applies the gate voltage which is an 5 
analog voltage to the final stage amplifier 1. 

In this way, if not two types but the necessary number of 
gate voltages preset and applied to the gate of the final stage 
amplifier 1 from the D/A converter 16 are prepared, it is 
possible to derive the more suitable electrical characteristics 
of the final stage amplifier 1. 

What is claimed is: 

1. A transmitting circuit which comprises: 

a final stage amplifier amplifying an inputted radio fre- 
quency (RF) signal up to a specified transmission 
output, and capable of controlling consumption power 
and output distortion by a direct current (DC) voltage 
applied to a gate; 

a directional coupler having both a terminal capable of 20 
detecting output power outputted from said final stage 
amplifier and another terminal capable of detecting a 
reflected wave generated by mismatching between an 
output impedance of said final stage amplifier and a 
load impedance connected to an output side of said 25 
final stage amplifier; 

two first switches selecting said terminals of said direc- 
tional coupler in a time division manner; 

a terminating resistor provided to correspond to each of 
said first switches, and terminating the terminal of said 30 
directional coupler unselected by said first switches; 

a detection diode converting each of the output power and 
the reflected wave obtained by said directional coupler 
into a DC voltage; 

a second switch selecting, switching and outputting one of 
the DC voltage with respect to said output power and 
the DC voltage with respect to said reflected wave 
obtained by said detection diode; and 

gate voltage control means for applying a gate voltage 4Q 
suited for said load impedance to said final stage 
amplifier in accordance with the DC voltage with 
respect to said reflected wave selected by said second 
switch. 

2, The transmitting circuit according to claim 1, wherein 45 
said gate voltage control means comprises: 

a comparator for comparing a threshold voltage predeter- 
mined by characteristics of the load impedance con- 
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nected to the output side of said final stage amplifier 
with the DC voltage obtained by detecting said 
reflected wave outputted from said second switch by 
said detection diode, and for outputting an output of 
which level changes according to whether said DC 
voltage is higher or lower than said threshold voltage; 
and 

a third switch selectively switching said plurality of gate 
voltages depending on an output of said comparator, 
and applying the switched gate voltage to said final 
stage amplifier. 

3. The transmitting circuit according to claim 1, wherein 
said comparator outputs an "H" level or an *'L" level 
depending on whether said direct current voltage is higher or 
lower than said threshold voltage. 

4. The transmitting circuit according to claim 2, wherein 
two types of gate voltages having different voltage levels are 
provided as said gate voltages, 

5. The transmitting circuit according to claim 1, wherein 
said gate voltage control means comprises: 

anA/D converter for inputting the DC voltage obtained by 
detecting said reflected wave outputted from said sec- 
ond switch by said detection diode, and for converting 
the inputted DC voltage into digital data; and 

a D/A converter for inputting said data converted by said 
A/D converter and for applying an optimum analog 
gate voltage to said final stage amplifier in accordance 
with a magnitude of said reflected wave in advance. 

6. The transmitting circuit according to claim 4, wherein 
not less than two types of said gate voltages are selectively 
applied from said D/A converter to said final stage amplifier, 

7. The transmitting circuit according to claim 1, wherein 
said two first switches are terminated by the terminating 
resistor when said directional coupler detects a transmission 
power value outputted from said final stage amplifier 

8. The transmitting circuit according to claim 1, wherein 
said second switch supplies a DC voltage of a transmission 
power value obtained by said detection diode to an auto- 
matic output power control circuit to allow the automatic 
output control circuit to conduct automatic output control 
over said final stage amplifier when said directional coupler 
detects the transmission power value outputted from said 
final amplifier. 
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